Aim: During the past decades, there has been a substantial and growing evidence that static magnetic fields (SMF) and pulsed electromagnetic fields (EMF) can both produce satisfying therapeutic effects on various disorders. There have been researches about the efficacy of SMF in wound healing. However, there is no any investigation about the efficacy of SMF in burn wound healing. In this experimental study, we aimed to investigate the efficacy of SMF in partial thickness burn wound in rats. Material and Method: Forty male Sprague-Dawley male rats were used in the experiment. The modification of Sawada's burn model was applied. In Group1 magnets, in Group2 non-magnetic bars were placed vertically to the burn wound. In Group3 magnets, in Group4 non-magnetic bars were placed horizontally to the burn wound. The wound healing is evaluated by gross wound healing rate and histopathological examination. Results: In study groups, wound healing was faster, granulation with fibroblast migration was earlier, collagen production and neovascularisation were more than control groups. We found no relationship between wound healing and vector direction. Discussion: According to these results static magnetic field can be used in clinic to promote the healing in patients with burns. Especially, in cases that have no chance for grafting, to decrease complications and increase the survival, the static magnetic field can be an alternative.
Introduction
Burns are one of the most severe traumas and cause coagulative skin necrosis. Impressive results are attainable by an early debridement and grafting of burn wounds. The use of various substances accelerating wound healing, especially for patients with a large burn area, may affect survival and reduce the rate of possible infective complications. To serve that purpose, wound covering materials and artificial skins have been manufactured and intensively studied. Studies are ongoing and new solutions are actively sought. Overwhelming evidence has been accumulated recently on the role of static magnetic field (SMF) and electromagnetic field (EMF) as alternative noninvasive tools with satisfactory therapeutic effects in a variety of disorders [1] . Many experimental studies have shown that SMF promotes wound healing in various tissues [1] [2] [3] [4] [5] [6] . SMF and EMF also exert positive effects on dermal healing in humans [6] . Although there are experimental and clinical studies indicating some beneficial effects of SMF on wound healing, no study has yet explored its effects on burn wound healing. The aim of the present experimental study was to investigate the wound healing effect of the local application of an SMF to partial-thickness burn area in rats.
Material and Method
The protocol of this experimental study was approved by Başkent University Faculty of Medicine Experimental Research Committee with respect to ethical and scientific aspects, and it was conducted in compliance with the criteria of 'National Institute of Health Guide for the care and use of laboratory animals'. The rats used in the study were obtained from the Laboratory Animals Production Center at Baskent University Research Center. We used 40 randomly selected male Sprague-Dawley rats weighing 250-300 grams. A modified version of the burn model described by Sawada et al. was used as the burn model [7] . A preliminary study was performed with 5 rats to determine the optimum application time, in which the rats were applied the sponge for 15, 20, 25, 30, 35 seconds and burn depth was examined histopathologically. As a result, 35-second application time was found to reach the desired burn depth. The back skins of all rats were shaved and prepared with povidone-iodine solution and sterile isotonic saline prior to the procedure. Formation of superficial, partial-thickness burns was histopathologically confirmed in all rats. A total of 40 rats enrolled for the study were divided into 4 groups, that included two study groups (magnet bar groups) and two control groups (non-magnetic bar groups). NeFeB magnets were used in the study groups and NeFeB bars that are identical with the magnet bars but possess no magnetic property in the controls. In order to prevent inadvertent displacement, the magnets and bars were sutured to tissue with 3/0 silk sutures. Magnetic and non-magnetic NeFeB bars each weighing 9.2 gr and having a size of 24x10x5 mm (Magnet Sales and Service Limited, Wiltshire, UK) were used for the study. Magnetic strength of each bar was measured using a Gauss Meter with a transverse probe (Magnet Sales and Service Limited) before they were placed under intact skin next to the burn area. The magnetic field strength of 20 magnets was measured 4000 Gauss (G) at both poles and 390-420 Gauss (G) at the exact center of the bar. The same measurements were also carried out with the non-magnetic bars and their magnetic forces were measured between 1 G and 8 G; these values were similar with the magnetic strength of the laboratory's floor (1-2 G).
Group 1 (n=10) and Group 2 (n=10); after forming a burn on the back skin of rats, magnetic bars and non-magnetic bars were placed vertically to the burn area under the intact skin next to the burn area. Group 3 (n=10) and Group 4 (n=10); after forming a burn on the back skin of 20 rats magnetic bars and nonmagnetic bars were placed horizontally to the burn area under the intact skin next to the burn area Burn wound areas were quantified on the third and seventh days. On the seventh day, burn tissue samples harvested from all sacrified rats were histopathologically examined. Burn wound areas were measured to calculate the wound healing rate. The burn wound area was calculated with the pixel method in all groups on the third and seventh days. All histopathological examinations were performed by a single pathologist. The sample tissues were fixed with a 10% formaldehyde solution and then embedded in paraffin blocks. Then, the sections were sampled and stained with hematoxylin-eosin (H&A) and trichrome stains. The stages of wound healing were examined in H&E stained sections while collagen production was examined in trichromestained sections. Wound healing assessment was based on the polymorphonuclear leukocyte (PMNL) count, fibroblast count, and vascular proliferation rate at one gross magnification field (x40). PMNL and fibroblast counts were rated between 0 and 5 as the following: 0 = (<5), 1= (5-10), 2 = (10-50), 3 = (50-100), 4 = (100-150), 5 = (>150). Epithelization and collagen production was recorded as present/absent. Statistical analyses were performed with SPSS 11.0 software package. The histopathological cell counts were compared using the Chi-Square test and neovascularization and wound healing rates using the Student's t-test, p-value of less than 0.05 was considered statistically significant.
Results
The study findings were analyzed in two parts. In the first part, macroscopic wound healing was compared between the study groups, while in the second part, pathological changes in the burned skin, as well as wound healing in the burn tissue excised at the end of the study, were histopathologically compared across the study groups.
Gross Wound Healing
Third-and seventh-day burn areas were calculated with the pixel method for all groups. Burn wound healing rate was calculated for all groups using the formula (Wound healing rate= (3rd--day burn wound area-7th-day burn wound area)/3rdday burn wound area). The mean wound healing rates of the study and control groups were 33,74 ± 8,60 and 9,71 ± 3,90, respectively (p<0.001). No significant difference was found between the control groups (11,04 and 8,38, p=0,378) and study groups (34,01 and 33,47, p=0,334) with respect to mean wound healing rates.
Histopathological Findings
In each of the four groups where experimental burn was formed, superficial partial-thickness burn occurred at the microscopic and macroscopic levels. As a general observation, wound healing arrested at the inflammatory stage in Groups 2 and 4 but it was better and progressed to the proliferative stage in Groups 1 and 3.
Inflammatory Cell (PMNL) Distribution
While there was no subject with a PMNL count above 50% in the study groups (Groups 1 and 3), 55% (n=11) of the subjects of the control groups had a PMNL count above 50. The likelihood of having a PMNL count above 50 was significantly higher in the control groups than the study groups (p<0,001) ( Figure  1 ). An analysis of the PMNL distributions of the control groups (Groups 2 and 4) revealed no significant difference (p=0,178). Fibroblast Cell Distribution. There were 14 (70%) subjects with a fibroblast count above 50 in the study groups (Groups 1 and 3) whereas only one (5%) subject in the control groups had a fibroblast count above 50. The study groups had a significantly greater likelihood of having a fibroblast count above 50 compared to the control groups (p<0,001). An analysis of the control groups with respect to fibroblast distributions revealed no significant differences between the Groups 2 and 4 (p=0,305) ( Figure 2 ). The study groups (Groups 1 and 3) also showed no significant difference (p=0,329).
Vascular proliferation
The study groups had a mean number of newly developed vascular structures of 12,55 ± 6,07 and the control groups had a corresponding figure of 3,25 ± 2,71. The study groups had a significantly greater number of newly developed vascular structures (p <0.001) ( Figure 3 ). The comparison of control groups (Groups 2 and 4) (2,70 vs. 3,80, p=0.943) and study groups (Groups 1 and 3) (11,20 vs. 13,90, p=1.679) were compared with respect to mean vascular proliferation and there was no significant difference.
Collagen Production
Collagen production was observed in 13 (65%) subjects in the study groups and 4 (20%) subjects in the control groups. The study groups showed a significantly greater collagen production (65% vs. 20%, p<0.004) (Figure 4 ). Epithelization In the study groups, 3 (15%) subjects had epithelization ( Figure  5 ) whereas the control groups had no subject with epithelization. However, the difference was not statistically significant owing to a low number of subjects in the subgroups (p=0.072).
Discussion
The most important factors affecting mortality after thermal burns are the size of the burn area, patient's age, and burn depth. The latter is also the most important factor affecting the physical appearance and functions of a patient in the long term [8] . Treatment of burns with a large surface area is quite problematic. In these patients, inadequacy of the amount of an autograft intended to use for early debridement and grafting is the most significant limitation [9] . After a full-thickness burn, a new dermal layer is to be formed to attain better outcomes both aesthetically and functionally. Therefore, wound covering materials and synthetic skin have been introduced into clinical use in such patients, albeit with unclear indications for use. The main problem with wound healing in deep partial burns and fullthickness burns is the inadequacy of cells and structural matrix support. As skin epithelization is traditionally regarded as wound healing, the first ever developed product was epithelial cells produced at a laboratory setting. As stem cell technologies have been advanced, dermal analogs are combined with autologous epidermal stem cells, endothelial stem cells, hair follicles' stem cells, and even melanocytes to obtain physiological, easy-to-apply, enduring, and aesthetically superior grafts [10] [11] [12] . However, a wound covering material possessing all those properties is yet to exist. More time and research are needed to overcome these problems and to implement advances in the field into clinical practice. The effects of electromagnetic field (EMF) on biological system have been investigated for centuries. Living organisms are electromagnetic systems using electromagnetic fields for biological processes ranging from membrane function to information transfer in the nervous system and macromolecular relations. Scientific research has been focused on pulse and static magnetic field. An interest in the electromagnetic field and living organism has been raised with the epidemiological studies showing a relationship, albeit weak, between the magnetic field and cancer development [1] [2] [3] [4] [5] [6] . Non-ionizing electromagnetic energy is known to affect physiological processes in an organism. Electromagnetic fields have been in use for medical treat- Figure 5 . Reepithelization ments in recent years. Therefore, studies have focused on weak and particularly low frequencies [13, 14] . Low-frequency electromagnetic field has been reported to have an untoward effect on cellular metabolism and to trigger malignancy development [15] . However, EMF has also been shown to exert beneficial effects on bone healing in rats [16] . Other studies have shown that 50 Hz 200 G EMF hastened healing of skin wounds formed on rats' backs [17] . Another study has shown that 50 Hz 200 G EMF had positive effects on both small intestinal and colonic healing when applied in 2-hour open, 10-hour closed cycles [18] . All these results suggest that EMF affects healing. However, there are some difficulties with the application of EMF under experimental conditions because these fields do not focus on target tissues. Generators creating a magnetic field that are connected to a cage create an EMF that affects a subject's whole body. As magnetic field vectors would change when a subject is displaced, subjects need to be kept in a constantly stable position. In order to comply with ethical reasons and to meet the subjects' necessary daily actions, they could only be applied magnetic field at certain times in a given day. The magnets produce a permanent static magnetic field with constant power and vectors. This study used a static magnetic field (PMF) produced by the magnets. As a magnetic field's strength is geometrically reduced by increasing distance from the source (magnetic field strengths of the magnets are reduced to 1-2 G at a distance of 6 cm from the source), magnetic bars were placed under the intact skin at the closest neighborhood of the burn areas. SMF's effects have not been well documented as those of EMF. In an in vitro study, it was shown that forearm fibroblasts were aligned parallel to high-intensity SMF vectors [19] . In our study, the magnets were placed to the study groups both vertically and horizontally. By this way, the relationship of the fibroblasts and their products, collagen fibrils alignment with magnetic field vector directions would be demonstrated in a comparison between the study groups. A comparison of the study groups with Group 1 (vertical) and Group 3 (horizontal) showed no significant difference with regard to average healing rates (34,01 vs 33,47, respectively; p=0.334), PMNL distribution (PMNL >50 in both groups, no statistical comparison could be made), fibroblast distribution (p=0,329), mean vascular proliferation (p=1.679) and collagen production (p=0.160). Another study demonstrated that proliferation and synthetic activities of neonatal rat calvarium fibroblasts increased at a mean intensity of 6000G, and even with the lowest SMF intensity [20] . In experimental in vivo studies, it was stressed that SMF had a positive effect on healing. In a study where samarium cobalt magnets with an intensity of 220-260G were placed next to broken rabbit radiuses, the magnets were shown to accelerate healing [21] . Similar effects were observed by a study conducted with neodymium magnets (40-80G) placed to the osteotomy regions in the mandible [22] . In a double-blind study involving patients operated with lipectomy, it was shown that wound healing was accelerated when a magnetic patch with a magnetic strength of 150-400G was used [23] . The exact mechanism of SMF's therapeutic effect on wound healing is unknown. However, considering wound healing is dependent on adequate blood supply and oxygenation at the microcirculatory level, SMF is thought to affect by increasing blood flow to the region of interest [1] . Many clinical and experimental studies have proved that SMF therapy is an effective noninvasive method for treatment of many disorders. Its efficacy has been shown in soft tissue injury, insomnia, osteoarthritis, and chronic pain syndrome [1] . Although there is a number of studies on wound healing in burns [24, 25] no study has yet investigated the effect of SMF on burn wound healing. Herein, we observed that, as expected, the inflammatory stage was shortened, and wound healing progressed to the proliferative stage in the SMF-applied study groups while healing was paused at the inflammatory stage in the control groups. In this context, higher fibroblast cell distribution, vascular proliferation, collagen accumulation, and epithelization in the SMF-applied group than the control groups actually suggest that SMF favorably affects these aspects of wound healing even in this superficial partial-thickness burn model. Another finding supporting this view is the macroscopic wound healing rates. A comparison of the study and control groups for wound healing rates revealed a significantly better wound healing in the study groups (p<0.001). Based on these results, static magnetic field may be introduced into clinical practice for superficial partial-thickness burns.
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